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Alzhetmer’s dissme [AD) represents e omise
of dementia i fhe slderly. Aging 15 o major cis facior for
AD and up o 408 of The populstion over &5 years of sge
might be affescied [1]. As peopls live lmger, AT is beooming
L et ol andd socia] oomesm, & over 13 miltion pen-
ple whh AD me expecied o 2053 0 he US [2] and the
oumber of new dementis ceses per year in e EU wil lo-
orease from about 1.9 milllon In e year 2000 o sbout 4.1
mlllion bn fhe year 2060 [3].

The clinical mantfestations of AD nolds memory 3ys-
fonotion, which & wually e fost sympiom, loss of kexiol
mooess, spatial and bemporal disocleniation, hopakment of

ind often betavioural dishirbances. The halimarks
of AD oo senlle pleques, formed by extracsllulir deposiion
of famylodd (AP prokein, md penmefbclloy langles
[NFT), oompassd of inruellls posciptiabion of hyper-
phosphorylaed tan proeln. AD s abo hisiopathokgioally
characterized by lorss aned merve el lnss, matnly in
the oerebral eortex, in e hippooampos and i the umygdals
4 cunaiive tresiment for AT is oot avallshle meenily, wihich

To dade, The mechankm. or mechanlsmes responsibls for
AD remain otecoee, desphie numerous Wypotheses fhat b
been preseniesd. Among These, hie oxidaiive siress ypothesis
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ls sppedling bermme i invohves seveml ofher
Inchding the o element the mrticchonedrial
mﬂumwmm A peptide hypothe-
There are indesr sevaral procdt produced tn the et dec-
uies oomdfirming The role of ooidabive
fomage in AD. Reactv»s oxygen speoles (ROE) md reachve
nirngen spevies (RNE) ave producs of noomal cellular ero-
Tric metwbollem; they play o dusl role i benefioi) bot slss
15 deksterions speies, 1o Their conoemration Use-
il effeots of ROS and RNE, n fact, arbe ot kow-modensies
mneenimtions and ovelve phpskcdoglonl rodes i celhudar
Tespomee b noxi (muoh s apainet iofectious agenks), In soy-
el cellier signating puthermys, md in he indocton of o
Tespome. Momeover, some ROS-medixled sctions
prolect cslls againgt OGS indoced oxidabve damage and re-
shihlish or malmiain “rsiox busnoe™. [0 oomimst, i over-
production of ROS resuls o oxkdathe sress, wih fe In-
volrement of muidalive siress In fhe ageing prooess hoving
‘been well domumemed [ 6, 7).

Cmidative sress i defined ws the dishurbance in the Tal
e between ROSRME, acting o ouidants, md levels of
prolecting sninxidents in favor of fhe former, pumu.my
lending o damage [E], and s asspclated with o disophion of
Tedox signalting and oonirol [9]. Aocording io fhe ourent
sime of knowledgs, the p of ay-
MMMWMHEMMMM
our in volnerahle pagions of the bain in AT may be seoon-
dary o medifications indneed by poo-mxidint subshmees
[0}

The xim of the present work: Is 4o offier @ overview of
The cument knowlsde oo oxidabiwe siess o pathophrys-

oCr Sl Bamibesm Fobm o Fubliobers Lid.
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ologioa] step o AD fhat cenders antoxident imiereenton
pgalnst AD a challkenging but sne. The blologiml
ratiomale for the use of anhmodmnbs agaied cognittve Lm-
palmnent o AT, @s well @ the resuls of ooiciionsl and antl-
oxidmt preciimcal sudles, will be dismssed in defail

1. BIOMARKERS OF OXIDATIVE STRESS TN ALTE-
HEIMER'S INEEABE
The presence and relevanc: of & condiion of oxkdathe
damage tn AT hes been proven in o largs hody of oiir
mocd] and i we sidles alimwing fhe dstscton of byprod-
ucty of free rudicel indoced oxidabive damage tn DNA,
RMA, liplds s profeins [11].
Increasing evidence supporis a molke for oxidatve DINA
in ADY, = the uinck of DM A by ROS,
brydromy | radlcals, can kend o sirand breaks, DR A-DNA and
DN A-poobein cross-Unkdng, and formation. of of Jeast taemty
modfied ases sddoeis. In sddiion, « mnd ﬁ-u.u.-.hnin:l
aMsirydle byprodunts of Hpld pemxidation incladmg 4-
(HNE] amd 2-propen- | -akpaokin) oo lo-
terack with DNA tases lesding to the formabon of balky
exneyelio adifnets [12]. Modtomtlon of DA bases by drect
Imieracion with ROS or aldsydes cim e o mobtions and
akersl profein synthesls. A significant iorese of
my-l-qum & in nuclear DINA (nDE8AY
md micchondrial DNA (oiDeA) tsolxied from e coctl-
mmummmmmpmmt:mmm
found In in fhe parielml
oariex. [L!-],lni:h.]]nqmmyt DNA ftom AD donors [14]
[ncremed E-OHIG levels were also determined In venirkculac
cershrosping] fiold (CEF) of AD patients [15]. Several sind-
les of DINA tase adducis in luie -stage AD boain show eleva-
Home of S 0EGY, Ehydrmoxy-adsnine (3-
OHA), 5m1muqu;mmzpm::] ms.hym:pm;s
OHLN), & chemioal Eodunt of oyteene, In bath
DA mnd oriDsA bolated from vulnersble regions of AD
brain. compared to sgs-mariched noomal oomirol subje ols [
prview see 6], Using pes specinume -
Iy (GCMAE) with ssisctive fon monlboring, i wes found that
levels of mutiple cxldized basas (B-0HG, fapygoanine, 8-
OHA, fpysdenine, 5-OHL and 5-0HC) in AD boain specl-
mens were significantly higher in fronial, parisial, and fem-
poml dohes oomparsl o ooniml subjscts mnd That mC0NA
hadl approimately 10-fold higher level of mokloed bees
un nDNA Bloveover, E-DEG was 10-Tokd
Than obher cxliized base addonts in both. AT e oon-
tred subrjects [17].
Memuring EOHG |mommoresctivity, Munomura and
m[]l]mmmmmmmum
RNA, rafter than in
umu n{:mdugmmv:r partiznlarty in neurons wiftin
e hippocampus, subloulnm, md emiochingl corlex as well
ms froatal, temporal, el oooiplis] ecoories o cmes of AT
Both fmmmmorese vities wers inoreessd as compared io oon-
tred subjects. Recenty fhe syme aothor sl found that pa-
Henis lpﬂ]fﬂ]]mmmummh
In & bype of fomitial AT, show a conskderable level of ne-
ronal BRA oxldation [19] Meoronal RN A oxldation is also 8
prominent fextore of Tamills] AD stirinriabls o he oy ok
ppu'unm[m:gme,upmyrmmm ey
lower pepceniag: mren of AP42 burden [19]. Bopen-

Comiral Neevon Spatem A geess b Medloiasl Chemsisiey, 5608, Vel 8, No ! 45

ver, Shan md Lin [20] foond fhat up b 30700 of massn-
er RMAS (mENA] are oxklized in AD fropml cortioes.
[demtifizition of oxidlzed mENA species revealed that some
mAKAS o= more suscepiible o oxkdxtive damage than ofh-
s [22] thos, RNA oxddation b not random bk bighly se-
lective. Tmvestigation of fhe conssquence of moidatively dam-
] TRNAS revenke] That moldlzesd mBENA canmot be s
lnbsd property, lading o meduced protein expoession, and
loss of nommal profedn Mocton. Finally, i wes cecently dem-
omsiraies that hees i m skevation in RNA moidation wiflin
he ribcsome complex urmm]qﬂmmﬂ;
wnd AD, sngassbing o rode for RMNA aherstions wihin
MUIMurmmmmu n
‘hoth BT and AT [22]. Al these findings sugeest that A¥A
meidafom 15 mn eacly vt masbve In e pathnkogion o
o off AL,

Lipid peroxidation, that causes simoiumal membrans
dammge [T3-26], has been poevalently msessd by messcing
Thicbartliuris pokl-Tesctive sotetmnoss malontal-
debydes [MDA), lsoprosianes, snd HNE. Inoreassd oonesn-
trations of TRARS were defecied in AD frontal and tempocal
ooriex. pompared wih comimls [27-30]. On fhe confracy,
ofter sincdies fafled bo find significint diferences i THARS
beiween AD omd cooirols ot besal oondition, whepems
TEARS ponceniration tecams higher in AD hrans, after
Incubation wih pro-cxldanis [31, 32]. Desplie TEARS have
‘heen eriticieed for et lack of spaoifizhy, smsiivity, and

remain one of he evsiest and most fre-
mmqmﬂmimm of lipid peroxidation [32] Several
sindles reparted no differenoss o MDA levsls between AD
‘brains wnd zonirol toalng [34-35], a5 well a5 no diffeenes in
liprid by droperoside levels [37, 2E]. On e oooirary, o sehese-
tively Increassd concenirations of Fr-lsoprostanes, Thal bave
‘been direcily demomsitaierd fo scosiemin AR penention and
ggpegation [39], were showen in brain seas chamcterized
by the presence of A deposttion, NFT formabion, snd @xien-
shve mennomal denth [40]. Eoigher toll Frlsoproshmes levsls
‘wene delemmined ales in CSF, wine md Wood of demenbsd
patiemis [41, 47]. Severl reports showsd 1 inomeass o fres
inclnding cerebellom,
devaind i the

EIPE Wi r=cently found o covalenty
tis Ik booxl o cligomers [45]. HNE was fomd o
inbibit fhe converson of Af fam fihrils

oonir{bobe do fhe oyteskedetal abenrtom that cocor i AD
[47, 4E].

RO%E 1nd ENE 180 stiack profeins, determining the fior-
mation of prolein carbonyls and 3-niirofyrosine. Protein car-
‘booylations caus: oxkdation of skechun, backbone frag-

Formation of pew reactive species (Le. peroxldes),
fischargs of other raciols, and cocuereoe of chin resction
[40] Morscver, protein damags |3 lereparahle and eculd kesd
o m exkenshe serles of dowmsioeam functionnl oonse-
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quences, whersss several sindlss sngaest thit prodein olin-
Hom oould be o ezlinkar signaltng mechanism fhat 1s oflen &
peversibie and sslsobhe process [30, 51, for review sss 511
Biration hes besn shown o uker protein footion, inchoding
modfiation of catalyto wcthdty, ol signaling, and oy-
mskelstal ogamzaton [53]. Froben carbomyls werne sigorl-
Inoreasssl in both hippoosmpuos ind The infeckor park-
tml Iobule, tot unchingsd in the cerebellum, consisient wiih
thes pegrlonal partien of histopathodowy in AD [54]. Inaemed
levels of protein carbompls were found o NET as well & in
the oyinplssm. of fngle-fres nemons [55, 55]. Incresssd 3-
wis fiound dn both narcns oontwining NET and
In fhose dn witkch they were absent [57, 5E]. A gain, e pres-
ence of ninxisd B in prefangles, nghes md B ncusions
In AT brakn. was femonstrated [50] [n this sy,
e expression of niiration was sronger lo pretangles of 2ocly
AD cases, compared do hose of moos shvanosd e, Sg-
gzsting that tm nlitetion mey be o saly svent in AD. Io-
or=nsed levels of ntimied with fhose of
oontrols, were fiound in the inferoc lotrule and hip-
pm:pu.lnf.ﬂ.ﬂ[m,-ﬁ] Fhmy-lnlmalhnfm
mi carbomylation in AT train have been kdentified
nmm:m[ﬁu-ﬁ}mu-m
ool i deniify speoifically midlzed proteins in AD boan,
berause postimansiational oxidative modification of proieins
In cerehral Hesoe may provide on afsthe mears of soneen-
Ing o subset of proieins wiftin the brxin able i
pefiect AD-relabsd oxidabhe sipess [S4, 55] Regarding pe-
ciphemal markers of oxidsthe demage bo probeins, @ reoent
sindy showed fhat the degres of oarbonylation of several
CHF proieins il mot vary betwsen protable AT patients and
oonirols [55], whrness 3 level were neporisd o
b elevaied in the veniricular O5F of AT patients compared
o ponirols [57, &E], and a signifimnily highsr condent of
dityrosine in plesms immumo glebnlin- & was demonsraied in
AD patients ax oompared (o eonirols [S5].

Oxdlzed amine aclds e repaied and oxidlzed
proteing e vsually degraded by fhe 205 protessoms, & mul-
Howiabytie professe responsibls for the majorty of nmscelo-
lar proiein degradation, playing a phaoial roke o sl oel-

mciivities el oyole Tegulation, mbigen pres-
enhibion and apopinsis [W0-72] Eeweral sdles heve shown
that, seeondary o muidatiee modification, fhe proemsomes is
lmpaired in AD, ind o cans: & peduction of the clearince
of inraceller probein sggregaies md of oxl-
mmmm[u ). .!.m.u:!_ﬂlﬂ..l.mmt
sindy showed That remarksble
mestinied
tewsome complexes from AD
Jecis mupgesting that the loss of fhe probersoms-medlsbed
proin degradation oeours af The sarbest simge of AD [7S].
Thepefore, fhe wocumulition of oxkdlzsd proteins n AD is
lksty & oomegquence of tmbalmnoe in gy one of @ mmber off
diffsrent systems noluding foee nadical geoembion, antoxl-
dant defencas, efidency of oxidized proleln cepalr o oe-
maval

3. BIOMARKERE OF OXIDATIVE STRESS I MILIN
DOCNITIV E IMPAIRMENT

Most of The sindles rep oried above have been perfiocmed
using cepshral thaue or peripheral ssmples from patlemls

Macocd ool

with modemis o svere AD This approsch doss mot deler-
mine whefher oxldative damags is & lale oonssquenoe of e
isease or whether i poours sxry in fhe diesse prooess. The
evidence for 1 roke of oxldetive sirss also in e pathogene-
&l of MCI [77] which mm be conskered the very early
plese of AD [78, 70], may be heipfol 0 mower io this ques-
Hon.

Regarding DHA oxkistion, E-OHIG kevels were found
significanity =levabed In nDNA md o mDK A from fhooial
nd femporal lote of subpsobs with MCT oomparsd o cognl
tively healitry confrols [50]. Recent sindies show slevaied B
OEG, BOHA, md 55daming 5 formamidopprinidine o
‘both nuclesr and mEN A dsclaiesd fom valnsrable bran ne-
Ejons In aronesis MICT, Thart oxldad we DR A dam-
mummmnlﬂmnmwglm
plenomenon [16] An incremed DMA oxldrive
ilsn been s found I.np:n;.hm.l.kﬂnu]rhad'm}m
‘with MO momparsd bo healiry controls [E1]. Inopesesd Jey-
s of E-0HG as 8 markesr of ANA oxldafion were found o
ihe Inferior parietal Iobole buk oot i fhe cershellum of b
Jents weith MICT [E2].

Cine of he fiest sindies of cxidative domags in e oo
of subjects wih MCT showed inoresmed levels of THARS
nd MDA o The Iohe, as compansd [0 beality oom-
irols [E3]. Recenfy, & was also found elevaisd HNE lnvels n
hippocompus, supsrior md middle lempol gyrl, ferior

Jobole mnd persbelum, o well as elevaled levels of
amoletn i mid middle femponal gyel [B4-85], and
significanity higher levels of Fi-boprostenes in frootal, infe-

[27} Ineremsed level of hie dsopmsianas B,L2-1s0-PFy V1 -1
specifie marker of 48 wWvo lipd peroxidstion [BE] - wers
found i be significantty elevaied n C5F, e wrine
of subjects wih MCI comparsd wih oonimls [B9], ones
more suggesting thab Lipkd mry be an early
eveml In The pafhopenesis of AD. However, It & worth of

mm.ul.nﬂ[ilu 1], A oombdned magnetio resn-
ind CEF marcker sindy of living pa-
ﬂmmmmmumlumvw
phorpiaied fan e jsoprosines gnd decresssd hippooampal
volume in MCT subjecis oompared o oonirols [92]. Loss of
phespholipld asymmeiry o from the Inferior
Iobuks of AD and BMCT subjects, o slgmal for apopin-
sis, and Eleviie ewls of gpopiosk-rlied pooteins renently
wepe repories [92] HNE or Af4? omser Inss of symaphoso-
mal Myt asymmery [54].

Incremed levels of protein. carb ompls were delecied in the
superkor ind midkdle trmporl gyrl Lo sob sl with kCT (23],
and exldrtion of sevensl specific projein in the hippocampos
of subjects with BACT were demonsiraied using redox. pro-
fenmics [ 05, e

Sulrpeots with BCT showed ulsn lower levels of nm &n-
rymatin antioxidants (viamin A, viiamin C, viiamin E, oo
wkd md of the Groinolds lueln, rmmmtin md B
oaoberey and Jower wothibes of enrymabic mboxidmbs
[plesma mnd erythroope mpeockle dbmoiass - 500 -,
plasma ghotafiions peroxidess — GPX | & compued to oog-



A mchorribhan i A gvade i A dohrier s Birann

olttvely healthy oomiols [97] Stmilary, the plesma aobiox]-
dant stxins wes shown io be redtnced i BACT
sulbrecis s compired o age-mabched oomirols [ BRE].

In concusion, the svidencs of oxidsihve damages ogxinet
muckelo aoids, Hplds md proéng in subjenis with BCT mup-
poris The hypofhesis That codetiwe dumags & nvohed, os

Dontribubor, in Hie pafhogsnesls of nenmona degensration in
AD.

4. DXIDATIVE STRESS IN ALTHERER'S THS EASE
PATHOZENESIS

A composits pecipmoal TERHomEhip was shown between

101]. Oxldizing condiiions defermine

md aggregation of Af peptides [102, 1], conirbule
B geregation. of " [ 104] amd oiber myicske] sia] proteins [10S5,
1 0&]. (Om -t oiher hand, AP ipgregaies provoks § sneoession
of evenis That lesd o the infraoeThodar soomobrtion. of ROE
[157, 10E]. Ap mery be alsa implioaied in fhe oxldation of the
nomaturaied carbotydorle, side chains of membone Lipkds
md In the of the neuronal membrane, fhat ul-
Hmately cames o=l hyses [107]. Af) pephide can damags ns-
pons dioewily or indirecily fuough e scihvation of mioogila
[192-111] Activabed mioroglla cin dammgs neumns by gen-
Edi.napuuquﬂhjm[ﬂ!ﬁ}iﬁﬂhﬂeum
I.:I:flll‘l:hlﬂg] pathermys [112, 112] The formaton of sl-
vl OMO0 ™ ponceninations oan be The tigger for o casomde
of events fhat may lead o ocidation of DA, RN A, prokeins,
bynosine niiraton, snryme lohdbition, Hpdd perocldation, and
minchondra] ahnocmaltes [61, B6). A prodoct of the
MO ONDD™ pafteny can alss riggesr apopiosh,
degEneTation of Derons ind dysionetion of the sndolhsin
cells in The micmovasculaioee of te b [L14, for peview,
see 115]. Furfber support for fhe assoclafion ‘betwes=n
oxkdabhe siress nd AQ comes fom L sindy wiich aosed
mire with & knockout of one alise of @ oritloal anh-cockdent
mryme, manganese SO0 (MoSO0, EO0Z) with o mouss
that oversxpressed a muinied homm APF (le,
TELP50), finding fat the mice of the neuling oo
demon sitaied

Howevar, AP plrys abo many physdological and benefl-
ol functions, some of which lnolude nedog-aciive mehl
sequesimbion [117], and SO0 Hie wethity [118] Morscwer,
AP has been shown bo be inversely correlried with ooldabve
siress markers [ 119], suggesfing that ot very low conoenin-
Homs & mary heee aotio xldmnE effiols [120]. Thepfooe, Hwes
quiie remently advanoed the ypothesls hut AR oan e oon-
slferad §5 o proeothve comsqnEncs D @ diszase
mechanism, and that the noioroos lesons of AD represent &
oompersabory respomss [121, 122]. Comlstent with this iry-
pofhesis, It was cheereed that oxldative damage deoremses
with dissme progression, such that levels of markers of rap-
ldty formed oxidative damage, which ore inlHally seaied,
derpemme @5 The dissme progressss do advanced AD. This
Fnding indicaies that RCE Dot only cae damage o oflinlar
simoiures tub wlss provole celllic respomes, such 1 the
oompersatory up-mepulabion of mrtiox dant snrymes fomd in
vulmerahls newoms in AD[123].
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Evidence of an sssooiation betwesn oxldative siress and
tan oomes from recent shudies on anim] mededs. Bialm and
oolkmgmes [124] obeerved insed? Imockout mioe o hyper-

iof bam in most residoes That has been previ-
ondy associaien with aggregated Ty perphosphorylated b o
AD [LZ5], and that this hyperphosphorylafion was prevenbsd
with o inoremsed dose of o camlytio anboxldant (ELTC130)
The mihors ooneiodsd That tmm, which
Is canssd by mibochondral oxidsthve sivess, oonld be re-
sothverl with antioxidant therapy. Tiles-Samiagaty
wnd collemgures [126], wedng Dresophia mode of homan
twopathies, fhof express a disesse-relvied muodant form of
boman tin (R4S, showes] fhat geoetio snd phacmscol-
ogioal wp-regulation of mboxidant defenoes significantty

TESTES mEwotoxioly i he brains of tm aregenio fles,
whepms genetle Inacthation of mboxidant me dhiorsms =o-

hances bro-ioduced These oleervations
strongly implicre ookdebhve sirass 55 8 erithoal mediaior of
tan-Induosd ,

5. THE BMOHLOGCICAL RATHINALE FOR THE LUSE
OF ANTIOXIDANTS IN THE FREVENTION AND
TREATMENT OF ALTHEIMER'S THS EASE

Antioxilants e widsly disousssd in both the Loy press
i the soienbifio lberature o healih-promofiing agenbs tat
may proiect apainet various age-peiaed dherses. Noirtonal
mulmh:uil.ut micouiren simingies the devel
opment of AD e beszd upon the large body of evidencs
That wnfioeident micronoirents mm coumiersst he
dzliericus eifeols of oxidathe siress In The crganism, ss0-

Atrmies’ A Simiar ke, fhern s s lonaie fie
hypoihestring that unHoxidens could be prophylactin sgainst
oeninal Tervous sysiem (CME) dbmses, especlally in AD.

5.1. Anbloxidnet Mok o les In Precileke sl Stodles

Previnioy] ardmal stodles ore st o moersmnd s
eme and o bulld confldencs in new henapeutic ipproaches;
muth:mumgl.untulnag Olear that sohertishs can-

mot eximpolaie from human effizary. AL The
same Hme, the scientifio enterprie canot acoept e mpos-
sibdity of mitigating CNE diseme. A prudent moiddle ground
wonkd be io conslder very judiclomly the desgn and tmple-
mentation of past animal sindies fhat demonsinde mboxl
dant polential, wih & goal of Thas: sgeenis o e
puhuﬂllﬂdam]iﬂyht:hmlmlnlhnmﬂml

sttation. Critios] svalnition or re-sviluation woukd nesd bo
Foous capsfilly on idminisination roote and thoing; of
dmyg trewiment in such 8wy & b peopeabe not caly The dis-
e promess but alss 0 model & prscticabks lnman chimical
trial descgen [127]

Freolnioa] and clinlcal ioierest in using antoxkdmbs bo
‘trewt AD siems from d observations That (1) oxldabyve
siress B inersmed in AD trun beyod the levels of ags
mmaithed non-demenied oonirol bomen boatn [5, 33, 54, 128,
]lil].. (Z) wmylold peptidas In AD coniribule bo

fhes radlonlmedialer) processes [130-122]; and (3) oxldatve
darmmge oo be in the brains of e

o express o *Swedish™ mutnk sy lokd precacsor
proiein (AFPsw) sssorivied with o byps of homen fomdbal
AD[132]
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The exisienre of murine models for amylkddopafin: heve
allewed toie entoxkiant T AD
with some soooess, aifhcugh the long tme- course of dissse
In these mie (twelwe fo eigiiesn monfhs) and fhe nesd for
mmbersome nmmobehivioril evanatons have gready tohib-
Lt progness i this ares. Ado thess animals show oty Lm-
Ied permprholngy md oo 0ot Eperienoe the poofound
Erank: neurn oharacteristio of boman AL, Bons-
eiess substantial prevlinioal progress has been made, wiih
ceriain cenveads. with classical mboxidmt (1z.,
Mumwmmmm:mu
have been shown io u:mmlm}!nl.uqlnr]l,mﬂ!,l:
havioral decline or decreass brain profein oxddabion. in. ey -
lold rnsgemle Tmce incinde vimn B [134]; the qwry e
mecomin [133]; he thiol Pyl dalyidno
st i ksmprate  detry oo-factor  a-Hpoln
Beid [135); epigliooae diin-gallie esers from goesn iea
[136]; and e Telaholby'meroiransmiter mela-
tomin. [137]. More recenity oiher molemiles with mbocidnt

mnch @ tricyclodecin-0-J-xenfhogenate [DS00)
md ferullo scid =iyl evier (FAEE] have been desisd with
promising resubis,

In most cases, these igenis reporiedly diminish amylokd
burden while simuManeomsty redoping profen cacbonyls
[13%] or nuitices of Upd mokdabon [134, 137] Other sindles
have sought o test murine AT models agalnst nauml mix-
fures rich in putatise o idans; these ncinde shid-
Iz of apple jukes [138] and even Cabernet Sanvignon [1359].
Bolth of These |aiter injervenions fmprovsd newopathlo varl-
sbles In fhe experiments] mimak. Apple julce decesed
expression of ampiokd-processing FS-1 F spolipeoieln E
[ApoE}defiment mice were stmulbnennsty depeived of die-
tary folabe and viiamin E while the Caternet promoisd non-
mqmm;mmmmmmmmmﬁ?ﬁ

Thes: sindies encoumge Torfher mestigations of wotl-
Oxidant agemis for o= mge-relned demenbss, ok
ey oo ool oonstinte proof-of-ooncspt Tor anboxidant
thempentios nor i There sobstantin] reason o sospect the
mimal shidies will exirpolate fo fhe homan dis=ase, Tor the

Teasons. First, nore of these ggmbs can be oomsld-
epeal purely anbioxkdant and devold of olssiml pharmaml-
okl modes-of-sction For lmiance ourcumin bl sy -
IBLHWH!M[]d-ﬁ]mp_mm
oological apton wpon ekosanoind-producing pro-

mqm;untcﬂmmw
[141]. Thum fhe rednction of braln probein oarbomylatdon Ty
murcomin might dectve from classkcal antl oxldant
of fhe eunmmin, or pepresent & slde-effisct of fhe antl-

matme of the ormumin. Even W the fonmer
s b iroe {mraumin sciing & w0 antioxldent), he retoe-
Hom In oould be wn independent eplphenome -
non Tt pzkevant io dis=ass pathology. This Is & distinot pos-
sibitity becanse viwmin B, the for chesical woh-
oxidmnis, does not dimuimbh brain oxidaive domage in
AFPow mice [142].
mechanisms-of-actin, &
pragmutio clinlclm immediately sses challenges jo exbnding
mioxidart bensftis from the mimal models fo omans
By sgends used b preclimeal AD simdies, noinding om-

mumin, heve exiremely (0w bioavallshlllty in homans. For
Instamice, humam vohmbeers comsming 3-8 g of eorommin per
day o not achiewe more fhan race levels of ciolting or-
i [143]. Likewise vHamin E 1 Lkely bo lond dnbo sdult
Train very siowly and, in fact, only works in aminidopatiin
Tice when adminlsiration. is begun it very enly iges [134].
It 45 possible fhal formulabions of oapsniaioms could be
devised that wouldl drive fhes: modecules imo fhe CHS of
human newly dingnosd with, or i Loominent ik
fior AT bt fhe hummn Tealities
Tundermine enfmsimm for we of these agenis in human frids
[L41].

Vitamin E is the most effsctve Hpid-sluble antimidmnt
Present in mammatan cells, wd nelodes two groups of v
famims: becophemils and boootrienels [144]. In biological sys-
fems, g-iocopherol predomingtss md i i considersd The
mest antive fomm of viamin E Vimmins E has been shosn
10 Teduce AfkInduoed cell death in T cedl gul
fures [145], and i auliured cortioal nerve cells [136]. In ad-
dition, vitamin E

mice madel of AD (Tg 257, only when ¥ |5 sdmindshensd
ety thring The evolotion of e dlsssse phenobype [134]
Further for the smsoolstion beiween vimmin E and
AP comes from 8 necent shudy wirkch orosssd Tg 15 :nm:
with a-topopheml mmsfer prolein knockow (Tipa

Mt the double-mubant (Tipa™ AFPsw) :nm:
showed earter md more severe cognittve disfunction and
Incresssd AP depostis n the boain by immunchisinchemmical

which was amelloratsd with &-iocophed supple-
mentation. [147].

Viamin E may sso prevent The oxldation of oysieine Dat
ooniriirotes io fhe wlberedd simohrme and fimetion in the mod-
fed B contxined within MFT [148, 140] Distary depeive-
fion of folwle snd viimin E, couplesd wih kon as 8 po-
oxidant, fosiers an inorease in nonphophs- wnd-phospho -
‘within brain tsue of e homorygously Iscking apcllpo-
proiein E [133].

e imlm

Curoumin (Flg. 1}, has been shown i havs antiockdant
10 anttirflammaiory propertiss. [ oot Upld peroxids-
Himn In m Hver miaosome prepamtion [150], md prevenbs
muiafive drmage of DNA in mome fbrobissts [151]. Pur-
tharmors, it has been demorsirabsd hat oromin inibiks
lipoxygenme md OOX-2, snzymes hat gne responsibde T
the mynhess of the poo- leukoirieres, poosts-
jlandins, wnd fhrmmbogemes [L5Z]. [t gbo supprassas none-
[hle nirin ook [IMOS]) in settvaied meTophages
[L53], prossesses that promote inflammation. There e Al
evidences hal cwormin hes il aoylokd. properiles, as L0
has besn shown o iphibdi The formation wnd & sbensdon of AR
fiorils mnd destabdlived preformed A fbrids [140, 154].

The polential efect of curumin wes wso siudied i
bl medsls of AD. Lim and oollesgues [133], m:;-mg
the effacis of curoumin o AFPSw tmgsnio mice,

That Low-dose mmmmmwwum
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md dscreased cershral Jevels of oxidized proteins md of [L-
L, u cyiokine that hes been nyplicaied In mem-
ory loess [155). Purther, mioe fa kow-dose croumin cbo had
signifioaniy rednced levels of solublke md fsoluble AR ws
well as nrednesd anmylold pleque borden

M

Fig: {11 Chamical

Lipeic Acid

:I.I;mem.u.m T}, anaurally comECHng posowrsar of
essenbial pofacior for mitochondcial surymes, has o warkety

of propertes which can. inberfzre with. pathogenic
of AD. o wiro md in wee siodles soggest Tt Hpolo ackd
Beis as @ powerful micronoirkent with dlverse phacmsmlogio
mi sntioxkdmt properties: i hes been shown bo chelabe pe-
dimx-otve trnslion metils, nhibiing fhe fomation of -

drogen peroxlde md ydooxy | rudloads; scovenge Inimscelo-

and induoe
and piher antioxkimt
review see 155 Holmaqost of al,

enzymes [for
zm;mmmm-hu-“mumm
min AT brun and frontl oorex of AFF

ramgenio mice oould be pe-sotubdieed with mansiion me @l
lon chelxiocs nouding Upolo sckd [157], snoe aorylokd ag-
gregaies have been shoem o be sishillzed by transdbon met-
ul such s dron. mnd copper [L3E, L9,

o

C(\A)Lm

Bokl, associzied with

ayioin L per-
ummmnnmmm[lm
The effert of Hpolo seld, this tme associabsd with s M-
moetyl- oysisine (HAC), was sl evalorisd on moidatie mmad

deone e 10 oxldative siness and ap opbotio mackers. The pro-
sctive effect of lipolo aokd and MAC was mops

when hioth agenbs were pressmt s oty [161].
raea Tiea

The positive properies moribed o = consumpton s
belleved i rely oo Hs bicadive components, mibsching omd

ACmirall MNrevoan Sprom. A gret bn Aol Chesdeing, 5668, Vol 8, M PSS

Their dechvatives (EGOG: |- eplgaliscabscin-3-gallue, (Fig

3L EC:

o=
OH

o A
i "

o
OH
o

OH
o=

Fig, (7). Chaxieal of sigallccatachin galais.

(-} eploatechin; EGC: (-)-epdgallnoabe dhin; and BOG: |-}
e atmchin-3- gallabe), wirich have hasn shown in set diee oty
15 mdica scovengers mnd play niirect aobomidsnt et
through sctivation. of factors and mboxidmt

[for reviews see 162 Higdon and Frel, 2003; 153
Wissman ef al, 1097). Tea have teen found o
‘b2 potent soavengers of free redloals such os g XY\ B,
07y, by drox 4 mecticals, and peroxy radicals n o mmber of i
wimo sysiems [154-166]. In The majorky of fhess shxdkes
EGOG, The mujor grem tex polyphend oomponent, wis
shown 0 te more SfTiclent @5 @ ol soevenger then ks
ormierpars ECG, BEC, and EGC. Moreorer, fa wino obeer-
vations show Tt EGOG, iohibbs ndooed oxldaiive sicess
ind mewoiexlolty [157, 163], and BC meduces The focmation
of AP-fibril formation [169]. In widkion, EGOT i sble to

the profectyiio provessing of AFF toth & wivo and
i Wi [167].

eliia i
Bdsininmin = neuronal ol from AQ-
msdinied via mtloxidant mad

Jropertie
[170]. It mok only inbibis Afl pEnemation, ot als aroesis the
focmation of amylol fbclls by a st -dependent loer-
otlon with A [171] Recent studles hove demomstnaied Gat
melaomin atienomies  AC-Uke
pharyiniom [172]. muummtmu
fully undersinoed, o drect Irdtenes of melainmn
on fhe wothibes of proken kinasss md profein phosphaiases
1 proposss. A dditonally, melatonin alsn plrys o ks o po-
ienting chollnergic naurons and in ant inflammation [172]

Tricpohndaome- P oamihaganare (&)

Ome ioff the antioxidenis tat & found in abondance o fhe
hmin i ghmthione (GEEQ [174] In AD bren, fhe otk of
GEH mnd &5 mukdloed form GESG i akersd as repocied by
Tedoced levels of GSH mod Increassd kevels of GE5G In spe-
oiffe reglons that coukd comirbuoie o fhe incressd evels of
mxidalive wioess that eveminally lesd o neuronal oell
dysPonoction and newonal loss [174, 175].

The enfogenoms elevation of G5H by Lp tnjecion of
NAC or pubamyloysieing syl estr (GCEE) devpsmes The
oxidabive siress markers o synapiosomes and primary neo-
ronal culures ireated with varions oxldants nooding AR
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[176-1E0]. DS0O (Fig. 4}, 18 & xanftabe melseule fhat mimies
FEH functions. A disulfde & formed upon oxldion of
D09 and fhe resolting dmthate cin then be

pefhuced by (5H reductme stmilar bo te rednetion. of GESG
s shown in  poevious stody [181, 182]. DE09 glven both i
wiiro mnd v e has the abillty in scavenge hydrogm pero-
Ihe and. hydmxy] foee Tadioals and cam aso bind o macke
akenals md deloxify helr e, these
akenals fom demaging mitochondra [133]. DE0D also x-
m-murmmmmm—
wiral and ant- Inflammatory wethdbies

'!“IJ,D; |i
HE—ITD: |E

Fig (4} Chamical sbractors of {u] D6, sod (k) B0E D9,

mution, deooemex 3-nfinotimsine formation, met -
phedogy and Elsvaied minchondral function. [153-186]. Af-
ber pretventment wity Afi{1-42) In primacy meumonal ibmes,
The osidattvoty demegod puatniss fsvovod 10 gusses B~

B chaperore protein, L=, 14-3-3 z=is wers idenifisd. Among
thess proteins, ten projeins, Le., GAPDH md 14-3-3 zein
mlbo me gty of oxkdation in AD brain (51, 177, 197-1E9]
Pretrextment of neurmm] mibres with DE00 prior o Af(L-
47) mmetiorited fhe AR1-47)-ndnced ouidaive modifia-

The deeme i oxldatve stoess by DS00 can be reinied
0 The presenoe of o free fhiol (—SH) group i TG00 fhat may
provide sirony bomidart aciivity wih i wine ood i e
matical seu and Inhibition of free recieal-
Inthuced cxidative siress [181, 187]. The ertioal role of fhe —
BH group of DGS9 i prolecting neoroms sgainst midatve
siress was salldified using fhe metrylied form of Dels

the GEH mimetio DE08 pequices & free —5H fme-
Homaltty [LES, 186]. Conslslent wrih his noton, MOS0 #d
not inhiblk PC-FLC setivity (Fig. %). In sdition, given that
D09 Inorease) the expression of sirss rspomise prokeins
such as heme ooygeme. 1 (HO- 1 and heat shock: prodsin 72
[HEF 72} and decresss d expression of D905 [185], The pro-
bective naum of fhis xurihale coul be relved io thess ef-
fispts. Diatm 50 fiar cbimined suggest bt the neroproieciiye
Effects of DE0D Lovalee le mechanisms mch i fs
mbioeidant property and wlso dis ahitty bo bk PC-FLC
[141, 1ES, 184]

PC-PLC modvine (e comtml)
5 3 2 ] d
s

]

a

e ,1'\-.--"" Ly 9.4"‘;..-,:-'#‘_..-_ wht

Fig. S} Emdhﬁdmﬁdmak'
D09 DD an PC-PLC wekiviky i pri | call =ul-
tarsm.

Farulic 4okl EMp Esigr (FAEE)

are noo-moiriive tdosctive dhenmicals
found 1n fhat can Tane heneflcial sffsch on health
[190-195] Several smdles 1o dale have exarminsd
whefher distary intale of sovem] , sch o
nvonodds, carctenokds, mnd viamins, might peewent o e-
e the progression of AD [18&].
Mhnu:m]uummmm
arhes from the melbollsm of phemyhlamne mad
FA ooours primecity in sseds amd lenves both in s free fonm
and cowalenity Hokesd to lignin and other bdopolymers. Dos
o s phenotic noclens md an exiended skie chaln
tHon, Fi rendlly forms & resonance siabitize phencxy il
oal which scoounts for His podent anHoxideant potential [187,
154] Alfhough FA has been demonsiaiedd in he effecive o
ifn wiro experiments, The low His i W

widety within various sysiems of many plars s trece oon-
sttipent [1¥9, 100]. In comparison with fhe oomesponding
aid form, FAAE |s more lpophillo md has been shown b

better bowamd both. by drox )l
racloals and 073 [LBE, 201-203]. In addbon to the mdlml-
sauvenging activiy of on antioxidant, both Lt polacity and Lbs

Fig. (8). Cherxical siracinrs of FAEE.
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mbimx it b act at membrane sties because of ks high Hpo-
resulis In a higher antioxidant potental The syn-
Bpse i one of the primary targets of AR-medied Tewohox-
Ioky, 50 the affintty of FAEE wit Hpld sibsirabes might be
m important fuctor In medulating Af-ndnesd midative
damags.
fie Inoreased Lipophllicky of FAEE, i b
Wiro or ex wivo sudles showed decressed proviein oxldation
md lpld peroxidation, deoremed fose radioal formation, de-
LT

AAPH (alkoxy] and percxyl ratical [204, 205]

The mecamisic basis of e nenmprolcie wkkly of

FAEE ppears io rely not only on lis peneml free ruio]

tapping, or antioxldant activity jper e, buf alss on s

In me fhe inducton of sivess pesponss proteins (HO-1

md HEF?Z) und the paraliel suppression of genes ndooed by
EE-reated

may
o The effeols of curmmin [206].

In summary, the preclimeal stndles of artiocidant pher-
macentials tn AD models suffer from several shockeomings.
In general the sindles nsquine exireme md mukl-feciorial

iof mioe o prodocs @ modsl somewhst peml-
nlseent of human AD; wnd squully herolo manpulatons of
dist in onder o partially midgate the cheerved CNE pathol-
ogy. The sindes ofin do oot ohempt o svaloge aothe
mgenis in mnimal medels wihin g pharoms: ologlos] conoenira-
Hon rangs that conld be peeombly schrieved in nmans, nor
e stuities 'midsriaken with the goal of slowing
diszase when dug sdminisimibion i+ bagan lxie oo U s
would be the cass in a homam oholoal il The sindles do
oot ahwrys b et whether or not the pallistve s-
Homs of e dest agent aris: flom The agent’s anblocidmnt
properties o other, pharmamiogical wind possibs oxkdabion —
Ind=pendent modes of aotion. Shudies nvohing aode mix-
ures of agemis are pardolacly problematio and
camot be inberprelsd beomse several vaciihlas are changed
stmukanecusty without oros-coirolting for offecks of aif-
fering malorio contmk, fasie nowelly; micromuirent sorich-
ment md peripheral effiscts fhat would nokb be
ermene ‘io human clindml physiclogy. Finally, when efforts
e msde o messe indioes of oxldative sress, the sindles

often dn mot mesmee mrokiple indloes and Freqoendty psty oo
nomepenifie tdomarkers such as THARS.

5.3. Diolary Anfloaidanty and Anfloident Supplonasts-
Elom In Humans

Basically, There are two Tor sotoxident lm-

plementation and mpplementation i humans, 1e. the use of
mioxkimnt-rich foods o the dist md The s of antioxkdant
supplemenis.

The hommam dlet provides both macronirles, which e
the main source of malories, and micronuients (rooghly
fiorly eseniial minerels, viumins, and offer pelevant com-
pomnds], which are pequived for specific melholio prooessss.
AnHOEdmE TTOTTents o VNS SoveTEs fos ral-
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ol ne] fhier TEAcHve Spechs sty providing protsction
mxldative pemctions and oxidabive sivess Small mole-

mulzs with wniioxidant properties such &5 wsoorbate |(vibmin
qmunﬂmmmm“mm
the organism throngh the diest — partimlarly fhrongh the o
take of fufls and wegeinhlss — and are Therefoos called antl
oxidant micomirients. They are o sssential component of
The antioxldant defers: metwork, and m supply of
fhes: mmpounds wih e dist s been epldencdogically
oorrelabed wih an incresssd risk for degenernbhe dissases.
Az The mmain distary souroes of merg) in fhe devsloped coun-
tries ue rich In and fais but poor o microo-
trienis, largs partions of The populiion apes sbvjeotsd jo mi-
oonuinent malominbion [207] wd indlvidmls mdergo o
higher risk fior e development of what has heen
malled ‘hidden ungsr". Although genetio variiion has been
uso shown do sdgnificantly influsnce homan ooidboml e
quirzmenis [20A], he slderly mnd fhe obess ap: the ndhido-
s mestty ot rik for micronuinent matnoirtion Clder adulbs
ire genemlly af greaier cisk for ooiridoml deflolenoles e
e yomger ks Among senlors, food choloe and rlabsd
aothitiess ape aifiscied by healh shrios,
Infinenced by aging and funchonal sbilbes, which &n m
arz medizied by famlilisl, sooisl snd soonomio factors. De-
ferminants of healftry =aing siem fom individus] compo-
nents, much. us age, pender, sduartion, pivysical and peyoho-
Ingioal sbirbries, lfestye, tehavior, income, soolal siwins

and ouliure, as well as from oollssthve faokors incloding se-
oessihle fiood labels, mm:nﬂm.ﬂrﬂ:gmlhmmm.t,
sacial nd the

as=d nimmmmnﬂmr.m:mm
ensgy dne to o reduetion in lemn body mass s
ussociaiend do o deoreas: in maoroe end micromivient lobdes
of 0% by the age of 80 years [200]. A reduction in energy
Is wlso mesooiaied with ssdentary betonvior md o
loss of mohility related do systemio (= 5. oardiovasmler and
pulmomery’y or bone and jobot dismss. Toavedd weight gain,
which muy synetgistically mid i wleeady existing fimotional
Gefioks, dishary lmiaks may be decresssd A reduction o oo
trient however, Is ofien adhdeved tmough o
Oecreass of e overall dieary quallty o o the ioide of
Bavorie foods in spbe of fhos: that are less well-lUked or
mop: diffioult o prepare (fotls md . Muoirienk
mmmmmmmuqmy ‘uniked”, whiks fis-
wortle foods we rich i calores md high o
und fabs [Z10] Rk for poor noirkioml siains | gbo relabesd
o & deoremed sfMoenoy of fhe trriestinal frack ek cc-
ours in some ederty people. Chewing, swillowing, digasting,
and mm‘hh!_u.nttun:m.lr be impaicesd for o vackety of

Az pdvancerd ags | thresiens d by The msdequacy of dally
iz, mot cbiwining suificlent anommis of oiooooidents be-
oomes A challengs within the oomplex. mioes of the oma
iging process, and dietary refersnces inbskes hove been ss-
fahlished for older sdulis [hitpctnocidonendaging fo sdo].
mmmmnmmmm

sixtns, physiolans, noirktkonisis md dlebicbms
mymurunnmmmunnmmnpm
per day. Unforionadely, ooly less thin one fourth of e
population i devsioped comiries comumes fhe snggssisd
umounis of fmis and wegriabies. Inudeqoaie moirkional n-
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tos |5 rampant among the ekdery, aifscting neacty 4% of
ofherwiie healiy, oommunity-dwsles md up o S1% of
mpedl patienis in developsd coumires [211, I1F] Muirient
Infakes i o ruml, commumity-deslling sidecty population
were shown io be insdequabe for folae, viiamin D, viomin
E, malokrm and magnesiom o over 60 of the population
sinctied whensss ons-Touth of The subjects did nob mest fhelr
mtimabed nesds for vinmin By, By, viamin C and zho
[213] Madnniriton, us one of The most eommon oomariid-
I im The elderty, may sxacerbake cardirvascular mnd cepe-
bral subolinical dsturbances ssooivied wil uging, affscting
vasoular dissass and menpcdegeneraiive disspse cuboomes §s
wellas longvity.

The suboptimal consumption of miooaoinentrich food
llke frufls and vegeiables and L micronnirient inbiloe below
the Recommendsd Dietary Allowanos (RDA) ot st ghove
the level cansing fypical vianmn defoencies beeps the dd-
erly ab comstant risk of diserss ke -
ouirismis, Jow nbskoss ind levels of antloxldants
e in bum assooiyied with o increwsed load of ROE, RNES
md chiocine [reactive dhilorine species, RCE].

The mtioxidant defenss system |s indesd opanized of the
lewels of poevention, inteception and repadr. Frevention
oomprises of ROS!
RNERCE, whersss mpair 15 mediaed by enrpmes which
rzoognize oxldatively malemules and iniixie fheir
r=pair, degrudetion or removal A mebwok of anbloxidmtb
enrymeas s avallahls for e nbteroepion of ROSRNERCE
once They mre genemried, nolding cetalass [(Catl GPx md
EOD. Since o deorease In the wotivily of woy of these anbioxl-
dant enzymes was fomd o canse peliular daafh [214, 2151
m abmommal Ky in the acdvity of oy ooe of hess fhoee en-
Iymes miy determine fhe exoesdve neuronal csll dexth
found in AD [30]. Furfbermone, sindles on plesma md sryth-

minxiint mrymes e lagsly fomd decremesd
setivities in AD patiemis compared bo oomimols [ review,
== 7]

The smesment of cikmulabing antoxidart mironuirents
oam be msed Tor several, equally imporiant purposss. Fiest of
all, o ge=iteer with ofber information,, & §. blomarkers of ROS-
meitipied damags, plasma or serum kT omirient svalaion
serves io address presenoe and enbE)y of condiions of cxlda-
v siress [215]). S2oondly, B helps L sinbe of ml-
oromuirient inade quscies [215]. A fied sdvooiag: of an som-
cade i redlable micronoirient messrement |s fhe poss ity
of exploring mioronuirient betavier or smply
siins In melation o @ relishle ohndeal indicabor somiane -
ously messured o o glven dissas This Iaiber approsch, un-
forimately mosty ussd in clinical shudies, might help renog-

um;emypmmphhgmm-m
|miervention tming in g -relebed dissmes woih oo oromoirl-

ent madmririion. The nse of The mesurement of T oronnirl-
ent networks dn ldentifying o oondition of hidden matomirl-
Hon clealy disploys in AT, in wihich a broed speoirom of
plasma priioxidant micromuiriems and vianmine e signifl-
decremed compired to oontrols [fr peview, s 7]
mi appear {0 be loverssly relnen o the ymphoryte DA
condent off 3-0HAG [21 7).
As fur as distary dnbervemtion in dissass prevention &
conoerned, it i now widsly betieved that fhe sctions of the

Aacocdd of af.

wntioxidant ooidents alme g not explain e cheerved
health hensfits of diels rich i fuls @a ‘e conse,
taken alone, the ndbvidusl antioxidanis sindled i lbmsal
irials do mot eppesr o have consisient preveniwe affenis.
Frulis and vegeinbies e thooght o pepressnt the best sonnos
of mimgidmnt miocmoirents do: © symegbms of her
momponsnts, bename they mary allow o hetier bomaialdiy
of profective mmpounds tun single viomine, and doe b
their low mntent i syiumted fois. The Effisct
igalnst chronle degeneraiive dbeasss, in fact, s mmch
strongsr and comdstent for aniocidant-rich frlks and vege-
tahles fham for singls oomponds [213-225].

A condiion of mainuirkion has been shown to be assocl
ued with & more mpld worsening of AD [Z26] Wik fhe
exmeption of ons sudy [227], in assochbon between high
tetary axtioxident toigke md 8 decrewsed risk for AD hes
mmqmmm sae T3], However,
Iriervention rialy demomsiraied no ‘beneflk with ankl-
oxidant in The resiment of AD [229]. Tt 1s
poasihle fhat when the clinlosl sympioms of AT sppear, L
large proportion of neuronal oells might akresdy te desiroyed
wnd Therefiors the Iniervention with sntioxidanis, sspeoially
‘when a single compound |s wed instead of & miccooutrent
neiwork, could come oo lxie. In order o0 evaloaie wheiher
the oflen-reporisd sgs-relred deoreme of plasma sotox
fanis in lromans depenids on GiTersnoes in dietary iohle or
on other age- i gender-relaied fecinrs, Eloerly community-

HI]E]IITI:I werne sndied, o :lnm.mtE
Eﬂﬁm Tﬂ\mmg group, =
p:rﬂ:un'hy,?]il]m fthe ofher with low intaloes of
mmwmﬂimﬂlm 0100
Sy, Antioxidant micronirients incloding viamos A, C,
E and six caroienclds wers messured in plesma by mems of
HPLC. The chservabion That Irgher snboxidant microoutrent
plasma ooncenirations md lower levels of oxkdsthve siress
‘wiomarkers o heatity elderty sobjscis in fhe H group oom-

pared do e LI group soggests thit dist ploys indeed o oro-
olal rede in fhe fuvorable oxbklanberosidant

almes of the oganism alss in sdvanced age [230]. Re-
cenily, The effiecls of delary counssling on fmlt ond vegess
‘hle dmimke a5 well o5 of impoored frolt and vegetable oidos
on the levels of ckmliting antioxidanis nd biomarkers of
oxidafwe stress was shudisd. Coe-hondesd twenty-nine @m-
oy of & Limhversity osphial followesd o dist consisting of
ik lewst five portions of frofis and wegehbles per day over
three monfte. Pl md Intake wus monlboned,
momssling sesslons were offersd and blood samples wers
obimined. Several mboxients wers messed over e
ooese of The sindy wlong with tomarkers of Hpld
tion nd profein cxldstion A Inorease in several
plasma untioeidant micromuinents in e sbeemoe of changes
of blomarkers of oxldatve sress during the courne of The
stody in this health-conscloms study populabon {mostly fis-
males, relathvely poung, well edumabed] was obssreed [Poll
gorl ef ai., mpublished duia] Thes: resuks sugeest hat o
moirttional progrm can kd io improvement o
pmmmmmmuuummumnmmm
‘ﬂmﬂ']'.l.'utn in which a relevant decraass i blo-
maricers of oxidabive siress i mot bo be @ xpecisd. In patienby
with o fyploal ags-related feeass such m AD, showing In-
oreases] pirculating levels of blomadcers of cxkdative stress, o
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bxrgei=d noidbonsl intereention slmed of incressing plema
mboxidmE levels md at deoreasing fhe eondition of
oxkdathe siress moight prove beneflosl o sddiion b sian-
dard fherspeutio options. [n @ prospeothve mobort sindy of
over 3,700 older partictpanis of The Clicagn Healh and Age
Projest, high vegstabls consumpion wis wssoclibsd wih o
slorwer e of cognliive dacline over six years afler adjusiing
for mge, gender, racs, aduoiion, cardlmascolar-relaied oon-
diiorms and sk fsciors [231]. In tiis sindy the consompHom
of green. Jeafy vegetables, vich In axtioxidmnt micomnirenis
Uk panviencdds, showed the sirongest imvers: Inear asscsci-
Hom with fhe mie of cognithve deoline. The spacific

Hom shown by vegeiables and partiolacty by e green l2afy
OnEs Eppears o be In dsagresment wih the ooneept That frok
md vagriahls consompion noight be beneflolsl in The Frame
of & generally heultny Hiesiybes, o beakh-consoious individo-
Bls tend b ooresmes hoth, froks o vegstabiles.

Fimally, =p il sincties indicabed that moderaes
r=d wine inteke rednces the 1isk of devsloping AD [190-152]
Fesverairol, & polyphennol that cooms in sbundmoe n red
Erapes and ds found in red wine, exeris intioxdant and ne-
ropootsctive and therefiore ooniribabes o The polen-
Hul teneficia]l effet of wins on the neumde-
generative process [103, 104]. BMaramband of al [105] re-
pomied That resveraiood has a mi-amyioldogenioactiy-
Lby by rexineing the levels of Af prodoced foom. difTermt cell
lnes sxpressing wild type or Swedish mubnt AFPs.

5.5 dntlozldenis in Clislesl Trisls

Increassd production of free rediols in the AD b oe
Uty an essentin] factor in the pathogenesls of AT md, con-
sEnEnily, are § potential rget of therapentic. siraisgies. As
such, Therspartio modalidey sneomp assing antoxldanbs mary

be an efTective spproach. ta the irsabmert of nemosd sgpenen-
ve dissases.

Vitamin E md selzgitine {1 monoamine oxldas: B iohibl-
or), were Investigaied as of the Alheimers Dissase
In pabiemts with modermisly severs AD

[232] A conirolksd clinioal trial wih o oeophero] (syntheto
form: 2000 sy o paienis with moderxiely severe Im-
paimment from AD showad some benefliclal effscis with pe-
spact o nnie of deteriombion of Mnction [232]. In
e sume o-iocopherod chinlcal iral, sslegioe |10 mg'dry)
produced berefioial effecks simllar o et prodoced by o-
o ompherad. A Hhough sy slgnifioant improvemsnt oo cognl-
v lests was obeerved, significant delays in the Hme of the
ooonrence of severe dementis and death were otherwise
obeereed. Thess provided supporting evidenoe for
the hryp ofhesds that antoxidmnis may be apshle of siowing
the pathogenlc process In AD. [nberesiingly, thene was no
sigmifioant dlfferencs in efeok bebween the groops meosiving
8 combingtion of &-moophernl mnd md fhoss r=-
cefving treabmet with fhe indhidoa] sgent [232, 233]. Sev-
eril possibdiities were proposed do explain te lack of addl-
Hwe Efect Ome of Them was fhat szisglline md vibamin E
muy aot by the same mechanian. Indesd, boh neioce the
lwels of free radicals, abthough by Gifferent mevhanisms.
Viwmin E, & dhain

rons by preventing he formation of ROE and by inhiiing
oxidative metsholisn of catecholamines. Thersfore, oliniol

A mirasl Mreroan 5o A geres b Afvalkodeal Cheendeir, SO0, Vol 8, M ST

sindles bmvolying viamin E eod sslsgiline support the oon-
ceptThet ROS e one of e risk fictors for the
progression of neurndegemeriion n AD [134]. However, I
L mndomizesd glinieal trisl of thees years of obssreabon, vi-
tamin B (2000 UT dady) falked o
1o dementi: doring e fhres yars of e irial, i faot, thens
‘were 0o slgnifieant differences in fhe probebdly of proges-
sion from amnestio BCT fo AD o fhe besls of the Cox
unabysis hetween the viamin B group (oo 257) md the pl-
oebo groop (oo 259 (HE 102, 85% O0: 00M-1.41; p=03a1),
nd fhere were few slgnificant diffsrences in oogoithes Tonc-
ton, that represent the ouleome messires, foom
‘hassline teiwesn fhe viamin E md pleseho groups [235].

The therzpentical me of }acstyl cacmitioe o AT hes oot
‘been supporied by randomized chnloal trick. Two open-labal
sindles on smull populations of ‘with moderie AD
showed o redness progression of the dbease, poticnlarly o
The cognlbwe ‘but Forther, tertier deslgne d siud-
les mre meeded [236, 137].

Recent smdkes showed that melvionin mary play an m-
rok In and AD as m mrtiox]dart and nearopro-
fentor [173, 238] Msiabonin deoreases during and pa-
temts with AT have & moee profoond peduction in This hor-
mons. The caly nindomized double blind clinleal sl wih
‘melwborin. fior iresiment of sleep disichencas o patients wih
AD dld not show uny sgoniflomnt benefi [230]

In 5 P00 pelatively small sindy (0. 47 mandonrzesd b
Jents]), The glubaih tons BAC Tulled o achleve
formal slgnificant Gifferences in overall dis=ise
AODCAS A Smonth tria] period, evainoted by o bt of genenal
oogalion (kiinl kMenty] Sirle Examinion, BMMEE, md by
scale That assegesd heskc and insiromental acthibes of dally
Living; however of inferval change from 3 o &
monfte favorsd NAC tresiment on MRBEE soore and oo
oiber fest Thal evanabsd lmgoage wnd memory funstion
[240].

The stodles performed on Ginke Biloba exiract EGh 751
showed posiiive effeols on oogoiibve Indexes, sionlor o the
resils obivinsd wih urktne [241]. Con-
versely, nzifher &-moopherol nor skglioe showed uny sg-
mifioant effsct on cognition. The main effects of Giokgs
‘llch exirsct in the ceniml nersous sysem sssm ko be -
lutesd 1o fis enbloxidant properties, which rsquire the syner-
Jistic aoion of flavonolds, terpenodds md oognio scids
Thess oompomids, o varying degrees, sot 55 scavengem for
free racticals, which hawe hesn consldersd mestiaiomn of ex-
oessive 1ipdd peroxidation ond cell damags observed In AD
[247]. Howerer, & & interesting o nobe fhat EGH 761 has
many other efTecls in addiiion o 1bs foee radioal-sonengiog
by, Incinding @ proecthe SRt on neroncepion o
1ging subjecis, & monnomine oxldass—inhihiing efsct (=
Than sele gpiling), md § claer effeo on ognithve ndexes [243].

Monsieroldyl woibrflsmmabory dugs (NSAIDE] hee
lso been propossd s having o usefol effect in comiering
AD [244, 245]. These drogs opsrale prinolpally by aoting oo

oy clooxygeneses ind inhibling prosisglandin Is, or
wmmmumMMEm

of ROS. Howeyar, olinioal tridls of NSAIDE
mmmm[mu

of MO
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Amumuixied svidence fom basic soence and dimol
reszarch siuties suggesis hat nould play & neuro-
mmp_ﬂ-mrj s beneficial efficis on. fhe brain

AP peptide acthiby. Behl of ol [29] showed fhat 178-
Esiratiol nrurchissioms o=l mxidathe
siress, and Goodman ¢f ol [2%99] showed fhat 178-ssimadiol
md esiricl memban: midiion in hlppocrmpal
neurnns ndoced by AR [25E]. Iulim'ﬂm,]'ﬂ]itﬂl.l[lﬁﬂ]
desoribed & oogmikhe wih AD wha
u:ﬂlﬂu‘h‘uﬁm‘h‘uﬁlmﬂﬁarﬁwﬂl Slnoe fhat sudy, &
Erowing body of Hiensure hes shown that sstrogsn themapy
muy moirbote o e prevention, aifenualion, or even the
delry of fhe onset of AD [251, 261]. Furthermors, estrogen
replacement mry alss faoitivie other iresiments nsssd Tor AT
For example, in ciinloal frigls fhet e faorine, o mnticho-
lnesierass drug, o greater efficany was &0 in women pe-
cefving esirogen fhenpy fian inwomen who wees oot [263]
Elovwerver, mone recent studies hove seriomly questioned both
e efMiowcy and safety of arirogen & o long-term fhermpetio
sirale gy for neircsdegenaration [264].

DOMCLUSIOMS

nmxmmmupﬁmym
that besbed clrimed o be “sntloxidant”™ in0 animal
model of AD wih sirongly-mplioabed oxkiabhe siress
oomponems, mvenks] o gEnsally fovomble series of out-
oomes, with the entoxkient Thermples proving largsty effia-
olous semnss The models. In conirest, & review of e Heoione
regarding antioxldant eMocy in uman sopplemeniation
trials or clinimal drug irials pevealed 1 do oo ofTsct of
commonty-smploys] moiiogidmt subshynczs. Even mione
discomoerting, thers 15 emerging datn thak suggests very high-
doee of long-lerm. supplemeniafion with viamin E may poss
cerinin health risks

The remsons for The between fhe animal
mode] siudies and The human clinkal experience may be due
efher to o faw in fhe theory conoeming cxidative sness as a
pahdogio] eonirbuior bs neurodiseises; or a faw in the
Implementation of fiat theory. Theory would be flewed i
oxidathve sipass plays o rode in negron dysfinction or dexh,;
which 15 to say, I oxldative siress i mersty an spiphenome-
non In fhis mse anbexldomt imerdction would Waly de-
orease blomarkers of oxkdstive siess In animal models {or

‘withont imparting an observahl: bensfit on newron
viahility, hivicdogim] ndicaiors or behmdomal oweomes.
Evidence fiom mnimal modsls mpgesis this i oot the cme;
penenally speaking, purpocisd aniloxidmt theraples both
dimminkh oxikdathe domage (=g messmured by prokein oa-
bompation in the cas: of mrcomin n murine medsls of ATy
mid ako slow diseme progesssion. The onveat In this Lt
shitement i that most sindles of pubsbhe sntloxldants do not

report oxidabhve siress measores md patho-
Ingical endpodts so i s A 0 corelabe the dhiminoion
of oxidaiive siosss biomarkers with The overall phenobypde ¢
ouieomes beneflt of the jest agenbs. This 15 an wes That mn

Ahweosc] of el

be Improved in foiure sindies, sspecally with the wvent of
Incressing numbers of eohmically Taofle wssrys for mongor-
Iny, o kdnthve siress in tisme Tsaie,

Liloww iz, There s abundant svidence that cxidative sioess
oeours i AD ; however fhere & Hifle experl
‘mental dats From homan sidies b decem wheher fhis 2x-
aoerbation of oxldabiwe sirss 15 conirfbuative o the severlky
of the disspss, beowme human sidiss necessarily must be
olesrvational in naiure. Monstheless It would appear that
many mimal models do necaphiniale the oxidsiive stess

momponent of thelr corresponding human dsease coumier-
Pt

H antinxkdant hsory s valid, fhen the implsmentation of
untioxldant st be flwed There ks sbundant res-
500 o swepent this Is he cass Aosdemic sodes gmerlly
mmmm:m-mmnmﬂum
effent, by adminisiering langs conoenirabions of fest sgent
ety In dissass or befors experimenta] dbewss or lojury oe-
ours. This may be in arty sindles o poove o
ooncept, but snch shudies do not in wy way mbmic The o
man cllnioal shoxtion. In order for @ precliokeal sdy do =n-
gender confidence that o dest agent might work: In & man
clinloa] sination, The dest agent wonkd nead io impart beneflt
o the non-homan model of dosages mnd dmes tat ooght be
achievsd safiely and practically o & loman. OF oms: se-

uxh chjeothe would be very difioult as It
wonkd raquine routine assassments of drog
In the snimal medel, and deally 1o oomparison
with knmown human poamEiers. Momethe-
less, andoe] sindies will conttoue bo fall tn fhelr prediotion. of
homan climcal eMoscy unless more stention s devoled bo
“humaniring” the animal researoh.
Fiuly fhe oxidstive sivess and aniioxidant ressarch
newds o aitend o fhe meaning of fhe ferm “antl
mmmuqumm“qmm
dzoreases oxidant oonceniration by mm“l-
M::lllrﬂeq::.g.
unmemmmmummmmnﬂ:;
III.I:!IH.I:]I miny suhsiances omn be mto
wimo under coniditions that are oot rekevant in wuo. Moo b
The paoint, many antioxldaris sriolly oonbsin ioheret phar-
macologioal sctivity by wirne of bioding o nd reacting
‘with speniflo rescepbors or enzyme largsis. For insines, mr-
umin sels @5 chaln-bresking antioxidanis dn widro ok gl
hind and amagonkze u]l:l.naxmm und Hpoxygenase, ab
manomolar conrenirations. The wottvlly of
such ompounds may Tesult o the dmimbon of oxkdmt
production and henpes be a very polent and roe “aotoxidant™
miods of Betion i wivo, howeser, siodles of such mukiine-
tional should consider The extent bo wihich bene-
i3 in animal models arise from dng- ndoes] chngss o

pamcrine signaling dymamios, such 15 chrauks driven by =
nsimolds and prosiacyolns.

Cime might argne That the me chanism of aoton of m il
oxidant i mob germane o the Uksllhcod that e
igEnt’'s effoscy will @xkapolis from preciimcl sodes b
human clinloal tisls On fhe moicary, an mdersmnding of o
dmg’s mechanlsm of aohon 15 oroslal o the design and m-

Plemeniation of humen iriak, for ¢xample o mvok] i
ihis activity of he dmy of frget shes cubide fe dissssd
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organ or do avold dosge of osporopriaie times when the
tgetof-action Is demponally plelokopl (2g., beneflcial
exly n fbe comrse of dissase bol deirimenial Jxder o the dls-
emne)

The success of muobiindinoos preclimcal antoxidat
sindies cverwhebmingly obligaies fhe sclentific
o pontinoe passaching: oxidathve sipsss with long-berm. goals
of manipnlrting oxldaive sress prooeses for obinlos hens -
. Diasptie The mecent clhmical disappotoiments of anto xkdme

i mibtigation of rmen netm de penermkhve diss e
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LIST OF ABEREVIATIONS
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ACmirad Pirevoan SpatomA goeiy dn Al lkoisal Ty, 56, Vil 8, My PR

GERG = Oxidlzed glodidons

HME = 4Hydoxynonsml

HEF 71 = Bt shock prolein 72

MCT = Bl Cognithe Impaicment
MDA = Maonslakisryde

MBEE = Bdind Memhil Biwie Examination
= Bingnetio resonomos lmag bng
= M-soety] cysteine

= Meumfbrillry tmgles
Miiri exide

= Induchile niiio oxide synthase
D = Nomsiemldal snilofammaeiory g

SEgEIEE

EOHA = EHydocyudsnioe

50BC = SHydoxycyisins
EOHIG = SHydoxy-2-dsoxygumnosine
EOBGE - FHykmypumin:

EOHU = S-Hydooeyomol

P8-1 = Presenllin-1

Ba2 = hmnganes: mperoxlde dismriass pene
TBARS = Thicharbdurk acld-resciive substamcss

Tpr™ = @ Tooophemo] rasier protsin
REFERENCES

W] Sxall, OLW; Rebice, FV.; r:;mx;;nﬂg-,
5.7 Furrh, 5 E; Tioksd, 51; L F.; Khachsixrim, T.9;
Lobawitz, B.00; Mcflsa, T.0; Mo, 1C; Gaidry, F. Schmakder,
L5, Sireie, 1E; Sonderiesd, T; Th, LA, Teas, LE 1. dm
diirul, . 59T, T?l_l.'ll'l

El] Haberl, LE; Scherr, T A, Obole, 1L ; Berast, DUA, Eveo,
DA droh Mool B, 80 LLL9

L] Wancxl, L; Mowkk, M Alcmdreesics, B, Ermtgericer, M
Br: 0, J WIE.

H DA ; Faud, T Fewraan, 3T ; Joliens, B Fror Fad
Beal Ml JRNT, 4, S50

L] Maricebury, W.E.; Lovell, MUA. dnch. Masrel, 2007, §4, 334

I8 Harmm, I dme. K F dosd St 1992, 07, 124

Ll Msriard, B ; FaBdar], M. 0 Chanbixi, & ; Marserl, F..1 Crome-
dogr: & dmelyl. Tachwed Blewes L Sl , 2008, 437, 65,

m Siem, B [0 CGoieive Sror, S, B, B4 Acstersic P Or-
Tancla, 1565, pp. 1-1%.

JFanan, T, dwiiorkd, Roder Synal, 504, §, 1043,

ol
|E m;ﬁ:ﬁim 199, 2,123,



0 Clrmtrad Neroamn St A gomis b Melloial O aavistry, B0, Vel 8, N T

[z
[

=
L]

HEEZ EEE EEEE EEE

EY EEEZEEEEE E EZ

Wik, O.; Hariack, H; Bair, §. Fror Sl Biof Mdral, 5657, 45,
L.

lscros), P MacOorvey, U, B, AT, don Faral, 1994, T
ke

Mincmcel, B3, Paldard, ML ; dagegnl, T; Charekiol, & ; Chiaoos,

F.; Coccheitl, B.; Smin, 1. 1599, T, 114,
Lesvnll, BLA; Osbbis ZE; WE I Nammchom,
nm“q,'l.ﬂﬂtﬂ 2NN,
Wuag, §, Xang, §; 14, C; Hﬂlq,":t“!.—ﬂ..lﬂ..l:

Noradem, SN, #1250
Wanoooam, & a; LA Wada, B Hinl, K.

Chiba, 5; Smidh M .u-.r-:l,“ 19EED; I, 15AE
Exscraxs, & Chita, X; CF; Crm, F; Exlhra, BN
Tbuds, &.; Hoods, K. M.A; ey, O ‘Myurobval Dir
FTTTRFEAT S

Shun, X ; Lin, L. Maxesiel. dging, 1084, 27, 477,

Shan, X Tasbiee, BL; Lin, O.L X Miruroect, 2000, 29, #9113
Db&&“q,"‘.‘l. , Cacarinl, V. ; Kalar, T H. Koo e,

:';_,nl ; Semcon, E&; Yaop, 5 Y. Mach dgeing D, 1950, 81,

Chin, 1; Richardean, I8 ; Culdwall, TE fap, L C. for 1 Sore-
ol 19684, TS, 3.

Chail, LH.; Fu, B.7. Fron Raudic Bial ', 15995, LE, L3,
Mlncrosd, 1.; Chambiol, A Basl, BT Coccheiti, B Chicoos, F.;
:uu-i.l.l.l: Ferrasa, OL; Seoln, U. Nesrorcd ek, 19654, 197,

“—,I.‘I' Richardeca, [5, Aoy, 1.C.~ Nesrodhom, 1990
¥1, 1.

Halms L; Leco, M. Masrechon Sex, 198, 19, 1131,
hﬂ,u;h—,!m;“lﬂ;m"‘.‘t
159, 4, 1554,
DL, Thamas, T iC; Hobwkod, K.
J5; Strafaci, JA.; Frosdmas, ML, En. Kool 1599, 179, 4.
Pulowar, A M. ; Boro, LA Brovm Far. 1954, 887, 700,
Remmumery, T &rmill, Dy Befferd, O Bastiarsd, I Thatas,
L; Lonbr-Cacxn, 5y Cobn, J5; Chrises, ¥, Davigaca, 1
B Paider, L Frow-Badic Bof M, 1599, I7, 344,
E.; Pariuigl, M.; Gobierfiskd, DUk dni‘ocil Sefer Sigacf.
2084, F, BIE-HAT.
C.; Nichw, M 8. Dabeds, T; Babei-Gallredls, T.; Fola,
F.; Conry, O ool gy, 1998, 13, 371

M; Ersmipr, K M; ko, N Namarbev, M.
\B.; Lober, O Lifc S0L, 1984, 55, 53T,
I'.!I_,I'. Csbrag, LT F'ewsar, & ;. Feooer, P Ballbsedl, B. X Kes-
réchan, 1T, 81, T4

.ﬂql‘l,ll‘lﬂ,ll,hq. FA; Tpom, CUlL; Mickendar, LK.,
Frisnas, FLC.; Kolres, E. Jdbx Doy, 1999, 10, 354

Falouan, 1; Eadchodior, B Moy, K, MrComthy, W1; -
e, A dunkn, I, Lacka, A O Dot Ganiefr Caga. Dirord,,
THAE, M, 4BE

Dalen, LA 1 Minarecham,, 2002, 02, LIE
m.?l;q_.:.r;m.n;m:_:;? T;.
Susctms, 3 Terry, E; Robern 10 Kaps T&  Jearra, FLLY
Nnoral, B2, 5T, 1T

Fabaty, L1; Maxias, T1; Mobebay, WR; Tapper, &0,
Hardy, F; Chamiah, 5; Dwitars, WO Mooow, [0, 1 Bl
Chan, THHL, 270, IR0

Fratica, T ; Clark, T M Lim, ¥54; Trajeacwicl, 10, Raloach, I
FizTemd, TA. den Nasrol | S0, 48, 109,

Iwtkrevic, K il el ONER, T4, 250,

Muricebery, W WA Manrobval sdgiep 1HH, JE T3
TU;H-,I;MIT;M,,I‘!‘.M
ANNY, A, L.
:E,IJ.;:H,I‘..:”E;MER—:FI. 95T,
-y.ﬁn;m:n.,:rn—,n.u;u—u—,u.xm

chon., 1999, 73, T3,
Ealy, M.0.; Baotis, A; Miskovic, I; Mostion, T.J. Srois B,
BOHE 1@ A

e, 0L A ; Stckraan, ER. sk Colf dgieg Gorouial, 199,
2, LiL

Aulsk, .5 Esck T; Tkl LW.; Siosbr, D, dm. . Firpaie
it Cire. Pirpaio, S0, T, HOD.

Erack, T; Lovisan, 0; Hema, 51 Cobb, J'W, Soakr, O

¥EZE

I TEEEE

E E E3 ZE:

EF3:E3E

=ﬂ-.r:1;:n-|:-.:n..:r——,na. Pramen Biachom, Sl

T, B

K Eall, N.; Ssbroxsaies, B Cals, T.; Hahe, M ; Ak-
; AkmETrs,

ML; Cisbbiis, 5.F; W, IF; Cuoey, T

Leovall, ML; ¥, WR; LA L P

Am. K Poihal, 233, 163, 1021,
¥.; Klsin, 10.; Lyxs, B; Makm-

WCR.; Biutierfield, DA J, Nasrockem, 5060, A5, 1154
R; Fooo, HE; Cud, I Meos, WA, Marhm =

Khin, 10.; b ¥, WL; G DA M Bur,
M, 17, TH.
Dale-Dirms, 1; Sesbr, A [ S

From oIS 1 olalr spnienien o direaees
Jokn ol Soan, Bobokes, N1 2008
Sk, B Bopd-Kimhal, O; Cad, 1; Flace, WAL ; Klein, 18 ;.
Mk, M; M, DA X 4B Dir., SET, 14, 153,
‘Ethecflaldl, TUA . Brade Fur., 5606, J 850, 1.
AMred 5., Craxi, MW Crifffhe, HE Ol Biochon,, 30604, 17,

'.nlp..n Abw, T; Vs, K; Moos, T; [bcesidd, E; b, &

Morcr Lok, 1999, 208, T2

l.u.l.;.l.-.-..ll'..:'l'—nr. FI; Hagar, K Fhiichr, 05

Minch, 0L X Nowrockem , 30608, #7291

Palldod, MO, Mstict, F.; Akimd, X; Caccheti, n...m:..'lr

Criiftie, H; Sexin, U S, H Meccoc, P, Dot Gardadr

Cagm. Ddroral, 1084, 30, T4,

Badurra, 1. Ciwoer Theet Sae,, 2883, 25, 3.

iy, K1 A Slocibuie SEIL, 85, 10,

Orasa, T.; Duvim, K1 Mol il 2HED. 24, 191

dresa T. Bleperemialepy; 4,31

Falr, 1. ; Bl £ ; K . WL M

75, 43

Lam, YA, Pkt O ; Alksn, A ; Losdes, M lexisca, C;
5 RIL; F Prec. Mol dcwl Sex

B -

w; ; Kaller 1M Fraw Radic P, B0V, 41, 6T1.
Moo, B I Dir, 3004, i, LT
Patarem, F.C; Smith, GE; Wiy, 5.C; bak, BT.; Kok, E;
EOL e 1997, &, £,
Paicemn, BT Somis Ml B007, 17, 11,
1 - MLA X a0
n Mwkmbary WA Lewwl, Nonrochom,, 2885,

ETTTY

Migtiars, L; Colognia, F.; Cappeds, [ Tegoeal, O Mocistas,
B; Helios, . Karobkicl NS, T, TET.

Q) ; elarkmbary, WL, Qi LL, . Kafler, LEL & M-
oo, SN, 1%, B1TI

Kallr, ] B.; Schexiti, P& .'u-u;l.w: Cham, Q1
bmfiadd, 01 & ; Miicasbiary, W. mﬂﬂ.uu

Enthecflal, DUL . Resd, T.; M n-u-,l: Cooch, B
Cial, T ; Sobeaa, F Maxronct l-.l.lif"
Entiaflal, O A ; Resd, TT, M.; Da Murra, ; Coocls,
l;mm;llﬂqrﬂha,ll—- 2NN,
AT, 34,
Wikiarss, T1; RBC; aricesbery, WA Lovall, MLA. M-
rabiol Jdgeng, 2884, 27, 1064

W.ER,; Erpcic, BT, Lovall, MA., Maraw, 1T, das
Mool I8, 7M.

Patics, Dl dferoacorass 19989, 147, 1.
Prsbics, Ou; Chrk, CM; Linn, F.; Bolour, I; Las, V. Trj-
marmnikl, T drok. Mmref, OREL, TF, 971

Mastisa, T1; Kasly, MO\, Quirs, LY, Bul, M.F; Mutmibary,



A mchorrdban F Ageace A Shrier 'y B

EE

3333333 I 3333 3

a3
5 E

-z
EE

oy
pan)
1)

WR; Hobwis, L1; Moree, LD Froc Swmic Bl ey, 2000,
11, ix
:ll"'.:-,l.n Markmibary, WoE; RoberiuLI.; Swit, LL,; Moo
:.'u ll-u-,'l::l..h.l:r-u,,nn,.mm

; DuSaxd, 5 Tihikawnkd, B; Mukis, FO.; Fratica,
:un,. l. Famicwk, BL; L4, J; Timl, W.; Ssixi Lo, LA
Chirk, T0L; Tarshvish, ©; L4, Y.; Lar, L dwviar, E; By, K
Llestrs, T.; Macan, 1y Beisbary, BL; Sedcwikd, M. Cellamadin,
J.F; Karkoman, T 1; 5
indal dgtmg, 20ME, 27,
Eater Lunge, 4 L;, Cowinl, OL; P, b Molmmad Abval, 5 ;
Salwns, Bj Gu, Py e, M ; sod Guinfisld, DUA . Kesrahiel

Lir, BT, o pra.

H; LA Siacdh'm
2N, Jm."::ﬂ' “ et
Buiacfl, T.A; Poon, HT; 5 Clir, O.; Keller, 1N.; P,
W.l; Klain, 5, laricesbary, W.R. Mrurobval akraDie, 22, 171
Sakuns F.; Fesd, T; Peduigl, M. ; Cooci, B Fleca, W Bui-
derfleld, DA J Tt Mialer M, 30O, 1J, HFR.
Fimkd, P; Taldod, MO Meiusiasio, & Msdsol, E; Mebal,
., Chamblu, & ; Cudml, B Cocchieti, B; Sach, [.; Mecocrl, B
Kesrohiof dging NI, B15.
Tuldi [; Calimbart, O Const, 5. Sovesbche, ©; Baoeot, F

Tiritere, M; C.; Fmbodl, E; Barva, 1.; Breeclin, W
Scarptul, E Aping T, 7,16,
mrfr;u-qn_;n-.uuu Dray Diévcare.,

elatinca, AL F. Mg, 3004, #10, GL

Oz L Akmrmey, A Y.; Doches, ME. Maochon B,

FTTTEY oA

Dok T; Dk, E; Mastem, C.L; Gepmofior, K. FEBS i,
TR, A2, TH

Taxmgar, E; Bardii, T Cingtisimrtic:, 8., Tanl, 0. Tabsioa,
ol Frea Fowbic. Biol el 550, 41, J90.
LC; Cosdla, & Wsixa, AL ; doxa, OV, Sais

Jax., 1593, @15, 111,

Balloroe, L, MicabaBi, . Aon. N.Y. Acd. Sl , 1592, 845, 5T,
Allani, PE; Jam, T; Eaamt, 50; Modwerpa, 5K, Soas, M.
Trical Plarewcel, 1884, 1M, 19,

TR Lealey, B Schabart, O Calf, TR, 77 HT.
Srukacfuld, DA Mo Erac Rer, 1000, 34, BT,

'_I. Bk ; Deffy, LK. Kicechoer, DA Shlency, 15940 0

Ir-l:u: Weag, W L1 WO Vi, WO Maursiery; 1995,
(X 1]

Comke, CK; Kk, Ji0., Kao, 500 ; Ladesfh, OE L Nasrarod |
TN, 21, MTH,
Gajs, KM ; Arars, PK. Bras Fer, 196, 587, 150,
Calkza, CA; OE; OTberi DL ; Vikek, MP. dun
KF dcad e, 300K, S99, T
agomerd, A, LI, W.W. Lawrw, 2091, 364, 511
Selamaki, T. 1 abcha'meen Eve, 0607, J1, 317,
L, F; Calnguun, N.Y.; ¥a, F; Meck, WAL, Thddes, M; Alme-
ddu, {07 Tiskwhuiel, FLEL; Cariean, OLA, Flick, TLAL; Lin, BLT.,
Ooarms, TE 7. Nesrochom.: 1084 4F, LRIL
Sewith M A FL; LM O Proc Nl o’
S o
Curiain CUC; AR, ¥; Veliakiy, [ L Worn, B,
K; Barmw, TJ; Masiors, C1; Gush, & I Oeobers,
. i, Chave 381, 278, T045L
Hincrmrs, & . . Ak, O; :IH..I. 'Hﬂ,.l..
BE; Senan, r:’%-n-:l. B Wiwpa, T
Chita, 5; Abwaad, CX; :r-l-,:l.n lun,u.l..i:u-qu-
ihal Erp. Fnral, SHIL,
M.E; nnn-,:l_'u. Eorcom, A Soif, MA;
IT; W o
Ava numu-nn..m'q S
F.A; Skakii-Hala, BL; Declicv, BLA.; Srtts, & Fery,
o, ey, M A, Manrobial 3000, 22, 1FL
L, AT.; Casclame, O i Takmda, &, Femy, @ Smifh,
L dem WX dcon’ 5o, 3004, JRIE L.
Frionsa. L0, 5 & Len AD,; C o Py, O
Srith, WA T, K. . dbha'seer D, 3587, U, L
ek, 5.; Adard, FA; Mearien, I Jckumn, F; Dok, TR
Hinarfeld, Dv; Schiling,

B Mavws, C; llnsbery, L
1; 1L QX Laaghicn, K. Hibbard, A ; Chery, oA I!I-,l,:

[an)

Comirall eweoan Epatem. A geete in Medloind Cesiniy, 5608, Vel 8, Mo ! 81

Bk, A& L FLaY ONE 2IET, 2, £TT6.
lrl‘;d_..l'.l.' Schunider & Moadelew, EH, Hymm, BT
308D, 199, 2L
Cv; Folgs, T Dekecay, & Feoy, BUR 2 Ol
dwvarc, 28 Hi';:l'..

Savits, 5., Fisker, bl dnn Mraref, 3007, 1, FaL
ey, K ; Misktl, WL Wu, LG Sy, BL; Makaibary, W.E
Flopd, L& J Kummucl, 19, 30, E1 36
'llmu-:,r_:,.unuh,u...lm,l What, AL; Py,
Muimatery, W.R. Cooxwy, B¥, Oreooar, T
1.I' lv..l.l.,m: Mﬂuml-ﬂ.

u-,.m. Chusg, ML Kiskdwas, L. Carr: diirel. Clrm, 3611,
e,

'iﬂ-nu.qna.;mn;rq.:uu_.r_qtm,

1904, 55, TIT.

Murk, BT, Becal y, K.; BoHerfiekd, U ; Msta, WLF 5 Mare-

aci 1999, I¥, BTH.
Lim, OLF; Cha, T; 'I'nﬁl Besch, W; Fraxischry, 5.8 ; Cola,
n.:l.-,.lu'.wq—-u..

ﬂ'll..i:lhl-i..-...
-

:.q. rui.:-,n nm.-t,

Cuin, L u-,]’l...:l{_-..l.l;.hhl,'.u;h

nan, E; Jom, BLE; Sachmmn, BW. fr. Minorolval dginp 2887,

21,73

sl -Tah, I ; Schytls, D0 Sax, N Mor, T; Soa, H; lsoni-

ira, O Ebrkari, I Tewosed, K- Tag, 1; Morges, D Haedy, 15

Tewm, T; Tan, 1 J Nesrarc, 5NE, I8, FDT.

h.l.:llﬁ.f_;ch.p E; Dmayg, 1T Freoo Radllc S, Biedl,
43,100,

Chm, A Shas, TH. I, dkkobsers Dir, 3008, 10, 13
Wansg, I; He, L; Tue, I Swrar, 1; Hosls, N; Thdobvin OL;

M; Fertral, 55 Takok, 5T, R, T
FASER L, Jmun_.nu

[LEa]
[LEL]

[LE2]
[LEm]

[LE4]

T, CUV. o Erp, Sairl Bdot, T m:.::u.
Cal, 0M; Martam, T, Lin, OUF;

T, Emgumo, &
ki dmw KT dcad Soi, 2004, 1007, S0
Hm, CH.; Ty, &L gk il Blef | 200, IFL, 471
Tarics, E; Trabar, MO u.‘*ﬂ..-. ;40

Toadumy, F; Mstieon, M.F Bra. Mruref, 1964, 120, L
mc;m:;m,uu;mmhlqnp
&y, Commum, 1592 JI, G4
Hakida, E; FTabkria, T, Tdohuhl, T J_‘I_,.
mumwun——uju
Smbh, M; Perry, 0.0 Mol 5o, 1999, 154,92,
Schrwsmn, O Maodelew, EM ; Geost, 1; Mesdadkew E. Fmc
Mol s Loy [, HORR, 8T BEN.

AL Lokcesh, BUR. Jef Call Blocham,, THEL, 101, 11T.
Sk, T.& ; Lin, 1 K Circinagemen'y, T, M, MR
Aprrea, B F; Salvdl Hy Mack, T, Sakieni] L Ohssp o
ol 190, M, IR
Tan, BLE, Lio-Skirs, 5, Lin, JE Blochon Pharmecal, 2155,

& LS
Oua, K Eassgeen, K Bk, H Yoosd, M L Sonrocl e,
NN, 7T, T
nn-_p,l.'..l. u.u..l:uru-:q,ull.mml.

K Mo, %; Tamg 5

EL muwm:naum
|:ﬁ_|-,1 Abwrod, C.; llaitay, B . b D,
HEIL, 3, T,

Ha, WCR; Chaag, OLL; Cham, £1; Koa, Y. I Mearorcl Mo

adr I0M.

lu:u-, ; Macmsirica, O Sanm, M. ; ; Thoamall,
m"' Momnmis, 5. Har m .IQ,.JIII;I LE S

l'ﬁ'.l,.}l’.'l Truitacfisld, DUA. Froc Badc Blal el 00T, 42,

L

Mdarsts, 11; Borle, EL; Do, X; Saxics, ML.E; Obvein, TR,

Smith, M A ; Feny, O. 1 sbha'm Dic, 3607, J2,194

Higico, 1V, Toal, B. Thid R Fove 5o Nair, 28R, 42, 15,

Whaas, 5.4 Bsbmstos, O.A; Fol, B, OhE Rex Saad S

Miir,, 15997, 57, TOE.

Salah, N, Mk, B1; Fagsoge, O; Ty, L; Balesd, O'F;



@ Ot Neevomn Bpatom Agonts in Medloil 7 amdsiry, 508, Vol 8, M 1

(e
e
[1eT]
[1ea
[hes
[y

(ERE|

py
[
b
[T
[T

[
[T
[1ery
[

[y
s3]

154
[
g
[
]
[1e=

15y
%]
153

fed

&
15
[157]
[159

Ries-Evum, C. dinch Alovkem Sigahpr, HHS, 122, 135,

E,r ; Ooin, .; Swrin, L ; Saxwki, ML ; Sakad, M. ; Glarn, F. Fama
T Ei TR T

W Bris

FINTY

Chal, TT; long, CH.; Lew, &R Gaa, JH; Baak, W Sk,
LEL; Purk, 1; Fack,, CW.; Suk, 51 Ljic Sl BNI1, 70, 600
Dur, K; Himguws, K ; Neitl, B; Yimeh, M. 0 Naxmml B,

I X Marochon, 2RI, A%, 110D,
> Thang, Y.I.; Chw, L 5w, R

:&I—i—: Pinsel Ber 3008, 41, LT
W, Pan-Farasl, 5 B ;, Cocdinal], O F.; Fraggebe, BL;
Elvialwsd, 0 Moo Brain Fumcd 605, 7, 15,

n,-.n-u-..n.;a.'hhu,nu.;.nu-u.-u..n.l..l:
Pirurax. e, 300, TR, NEL
OL; Sulsns, B ; Fom, BLF; Mebrresd- fbdal, B

Lmdetuck, "M Draks, I Thea, D) Hacket, W Cub@a,
A Kmaid, I Tam, M Sesduspn, 5 Botbrthi, DA Pes
Pagic Far, 2003, T 013

Dy, T;, [mderhek, CM; T, T, Do, S48 ; Cetisdied,
DU 15. .5 Plermacel Btp. Thar:, 311, 28, 103,
Annmr, ; Josh, @; Husng, G Dptl, WO, Abdol, BLM;
Subzas, B; Guimdield, D.A. Fror Ses Siof. Misd, 3008 41,
o4,

Mokramad Akdol, BL; Gwkerful, OLA. Binch'm Bloplyr. o,
B0ES, IT,
Friolgl, M bl O; Selwos, B Coliemes, V. O Marea, C
Coccin, By Boberflald, DUk Narcociesss, 50048, JR2, 1101,
Sabiss, E. Newxaa, 3 ; Bokomed-A%dol, H; Exbr, IH; B
u-uuu,:n..l. Fraw Bonlc e, 5004, B8, 445,

T W, T. B CeCums, E; Lafyirem, O S-dmm, B
Cexkin, ;l—.l;m‘:.t.ﬁm-.ﬂ.m

F; Eewrasn, LF; Akl HA; Cnd, 1; Facos, WOHEL;
Elsin, F8.; Mackct, M; Buisdsld, DUA J Foorasl B,
2NEE, B4, B,
Lindesy, I; Laxrio, O; Sl B Heberl, E; ikl B
HIN, 0.5L; McTowsl], 1. dm. & ANAL, 10 445
Lochatager, A ; Taag, M, M Fhas, 5 Maywr, B
T, Gerdair; Soc, 3004, 13, 40
Tomlmn, T.; Thodiers, O Dreabesk, M. Karokgy 2003, 78
LiLE.
Tung, ILH; Swh, 1 Fron Baadic Bl Jfe’, 2000, 34 11000
Sxrssicen, wn.r-u:

::,nu-u..u: Msdar, I Saiftis, E; . A

.
Dubarfu¥, DA & ; Fecamick, ©; Orabe, 1; Soxps-
i, 0 Calsbrm, ¥, F Sfr: Blcher, 2000, 11, 434
Kxmibl, I; &kscres, M ; Siopasars, A ; Buieciod, DA I Kair
Blochan | 3883, 18, T3,
Kby, B; Riewsric, B, B, K ; Ak, K Timigochl,
'y} Faod Chara, 3000, 10, 2L8L

L. J. Sol Koo dgric., 1599, T4, 161
Erooa, PA.; Willimson, 7. 1 5ol Faax'dgric, 1999, 7, 195,

EEEERER

EEE EEEE EREE E E

E

L

L]

Soxpagpinl, O Suiwflsld, OA; Calenbris, C Sokos, F
Tamcale, &, Calsboms, V. dwiaosl Brelor Sigaal, 5604, &, KL
Schrrader, H; Williarm, EJI Mstn, B Wersa, L Blcs-Evaca,
CA Bl Mict. B, 000, 39, 1353,
Sukms, B s, & |.uﬂ..:|-r...r ¥
Enbeflald, Tk . Memchon, 5K, 77,
Fmbl, O Fachalgl, M. Sukaos, B .!.F“_r.h.,l [ Tr—
Entierfiald, DU Masrecirm Dnd, 3008 48 3115
L kmikd, O Solsm, F; Calsbress, ¥; Dw Moes, C;
'R; Chl, C; Boterfied, DA I Mnron. Fre, D60 44

‘Feapagnind, 3 Famidl, B Calsbress, E; Oiafbi Halls, A
Crwem, C.1; MoHertiol, B Jiol. Mharmecal, S &1, 755,
Axme, B Proc el dosd S0 D4, 2008, 269, L7989,
Wiever, FJ. dm J. Clin. Mstr, 2006, K (Soppl), 4165
Halar, Ol Jii Jf Fiendn, Kisir: Sux, 1595, 84, LE.
Dirrmoaraki, A.; Sk, LA 5 Mr. Soolih dging, SHI1, 5, TS,
Dwigee, Y. 1. Nair Fanhh ping, 2006, 17 455
Vikl, F:; Hagus, T.M. Plwrracef. fax, ST, 5, 155,
Tiarabnd], TA; Shambo, PJ1; Warnn, 10, Xha-R, X L Src,
- ETET]- N

BD.; Maslish ET; Ssirson, 0P, Bobers, B; Ow T,

B Hsmen, LA ; Exieresn, B dew Fesmd | THIL, B3,

.
Mckm, A O Keal, £5; Krwll, BLW dan Nasral, 1990, 33,
L5

Paldar], M.C; Sukl, W; Eldbr, 0; Nlste|, 1; S, H. Frar
o Miol Rdeel, SHIL, 53, 456,
Maccod, F; Poiiderl, MLC.;
R, F; I.‘ﬂ.i:l:l..l...

am

T; Msiolt, F.; Caled, M;
; Sewin, [; Deal, MLF. deh
Marol, TN, TF, 74

Wk, W dmm 1554, 4, 477,

Oxsiac, JAL, Moo, JE; Boock, r..u: u.t,u.n...ml,

wiC; Il:Ell A Episioiot, 1995,
ml.,l—:,]’.‘l,m MLT; B,

L‘l.. F.E; Hemoskme, CH; Sphgsiom, D; Wi,

Wi :I'I’I’I:.m (a3

Fukiprm, E1; Ho, KB, Mxmca, LE; Saopfer, HoJ; Fioamn,

ER; , FE.; Coldi, [T.; Ascharic, & ; Ramar, BL; Spigel-

o, T, WTBaH, WoC dnn Dnierm Bind, BHEL, 104, 106

Eamzme, LA, Be, 1; LT Lods, S8 5
J Chin Pemir, 2008, 76,

M, L. Whaka, FK.
Mamerien, I BE; Lopmis, BLH.; een, IL;
ke, L, Shoovick, D5 kil 3851, 285 1838,

Siaffn, LA Jarohe, TR ; Stevan, 1; Shabur, B ; Curifbars, T
Taleam, AF. dm J Chin Kaic, 3000, 7, B

Youd, £ ; Hiwken, §; Cuxpua, & ; Oma, T, dveoo, A ; Lo,
E; Mofoms, M. Swle] A; Pais, F.; Verigas, I.; Chbeg, L

20, 8 @,

.'l-..l Mwpere, B . drch M-

Saleno-Eamdy F.; Cules, K00 Ind, . Firw Fsic Ber, 2085,
Y

Hasng, HUY.; Cukallers, B
Schrwyer, TR Wik, EF;
ke, O Baeam, 00 ; B, B0, dew Fefora S’ J008 143
FIE

Aakalk, T; Shes, H; Oriiibe, LR Shil, W; Faldar, BLO. Br:
2 Wuic | 065, 4, §50

h::b,ﬂ'.l: Dn:u,n..l.. Tmgary, C.C; Bierian, 11.; Wikan,
L5 Nasralogy, 2884, 47, 1170

Sana, b; Ermsis, ©.; Thamms, R 0T.; Kb, 3 2 ; Schur, K,
Orasdeas, M ; E; Droerdea, J; Cobmas, CW0; Pl
:‘L; Scdmeiier, LE; Thal, LT K. Hagl X Mol 18T, 130,

Foamd, K H; Cole, W.C,; Bovied, A. B.; Foemd, KO ; Bkl

1; Kxmar, B; Edwns-Poasd, I; Asdwts, OF Ciar: Opis

Mol 1599, 13 76L.

Eiil, T Frog. Nesrohiol, l_.ﬂ.'IL

Paizesn, BLC; Thors, B BL; B, T ;

E.; Farriv, 5.; Calusks, 0L Ih,l. :q-,: :I.n-_p,.l Prutfhr,
Dk, CH; Thal, L 1. AbSwior's Csma

tirs Siody Croxp. K Bl J. e, 2088, 183, TFH.

Hage, K., Mrnbreas, A, Esmidie, M Fedeg, F; Misch, O




A mET A T A A i ' B

o

EE B
o=

EFEZ ¥ F EEER

Arch, Garewial Senteic 3000, 12, 371

m':.l.'. Ksaktiny, ML; lcitoam, I; Eagal, 1; Miock, O X
Traarm. Supal | HEFT, 7T, 108

L.F. dcia Pharmecol Sin, 38848, 27 4L

*l.’..: BE; Expa, J; Sciafe, K ; Guomi, A

Orendmsn, B, Themas, F; Thal, LT Aldwinsry Chmass Coo-

erative Sy, Seep,
Addeir, 1C.; Knoefil, LE; uqu,xw-.u.m:

E.L; dirda, T. DY TR84, 80, L

oAy Diosiew, [1.; Foowmich, ©; Castgas, & Thesn

Mol Ml 30HE, T, 340
Cale-Ssiwen, C; Fmmk, F.; Matio, 0. Rafsb-Sebils, BT,
Tarkwiy, B ; Cloairn, F.; Pardios, B.C.; Chrivisa, T; n-Fr.u-
7. . Frpniod Faic, 1997, L FL
Erabicer, 1T Walh, KA. ; Eekrs, M 1; Guskal], 7.C.; O, BLA;
Famy, AT Fecicsl-Vaacs, MA; Saxsdary, AWM Korolvel Ap-
g 15975, I8, 330,
Eich, I. 0; Rurmeeca, 0L Falizin, M.F,; Corea, KA K-
w, C; Biremed, 1 19, 41 AL
ADATT Rzmsrh drwy, C.0; Erelizer, 1C, Joma,

Soiicwa, H.; Wanl, T ; Robbies, 1; Nicolawn, L. Dymani. Goreit
Eiae, 3007, 21,4

Tip, A.CL, Drem, B.C; Hepok, M; Cupples, LA, Farer, LA
HIRADE . BT Fardeir, 3008, T, 1

Falum, 5A; LA Mo, 1O Li, O; Manly, ML
Lingy, C R Normm, 0.4 ; Gk, ©.0; Fafca e Frolacd 01
Sindy Croap. T, T, B

JAlm, T.5; Schefr, o Oroosdrman., ML ; Felifer, E; Seor, B
Dwrds, KL Farlaw, ME; Jio, 5 ; Thamas, B 0.; Thal, 1.1; Als-

EEE

EEER

EEEEEEEE

Comiral Neroun Spatem. A goniy in Mloial Cheminry, 508, Vel 8, Mo 1 83

Sindy. ik, T, T80, TRIF.
Admm, PE;
FL 8

I.; Puaiietf, M. Mrurofagy, 2000, 54,

Schaf, ., u_.:,"nﬁmn,-p,r;wl

Is LLC; 0L, Mo
PR L e s e
Wilica, 1. ol al Kesrology, 1993, 45, 1406,

Earea, A M. Follr, 51; S, 09 Merds, BN, dsilend
Fasiar Shgwel, 3006, , T4,

Eraxn, T K ; Walosds, T.; kshesh, V. ; Khan,
MM, Serokdy, W67, 27 1K,

Tazd, 5; Beedesl, ¥; Magpl & Vegsiz, £ dax M F dcad
S, 30, J BT NI

Swmki, 5, Brown, . Wi, EM. Brslorring, 3008 1F, 05,

C; Widomn, M. T, Bchiboar, F. Bicchon. Biophpr
:ﬁ-lﬂ,ﬂm
Joadzma, T.; Brece, &1; Cmay, B, Mrkwao, M.F 5 Maare-
chwm, 1594, 561, LA,

:I!.It.:H'. 'llu—n-.n. Chalkt, L.; Lutus, ¥; McSwua, B ; Amador,

1584, AL 13T,
nn—, T; :|- JE; Alnzwws, K M Eal, E;
Hugho, N. Endocr: X, 1994, 41, BL

& Hedersan, T W. dm X 5, J4
;ru-n.u. Epfonicl
Schrmider, L5, Farlkew, B, Buxnea, V.W.; Fagads, JM

155, 1, L3S

Adwm, R5.; Bayg, J.0.; Crek, & ; Pesicied, ELR; Sama, M; Tarl L
Mukar, F. &, Theoua, RO Thad, L 1L Prpcicessmescoenisal-
agp 28E1, 240, 113




